Abstract
Introduction

1
Infertility is one of the consequences that affect quality of life in men with spinal cord 2 injury (SCI), attributable to deterioration of semen qualities characterized by poor sperm motility 3 and morphology, and frequently low sperm count (Hirsch et 
21
In the rat spermatogenesis undergoes extensive but reversible regression after spinal 22 cord transection (SCX), but is qualitatively maintained after cord contusion (SCC). In both injury 
8
Spinal cord contusion and transection
9
Details of the procedures employed to induce spinal cord injury in the rat by contusion
10
(SCC rat) (Kwo et al., 1989) or transection (SCX rat), and post op care of these rats, have been 11 previously described (Linsenmeyer et al., 1994) . These procedures were reviewed annually by 
14
The rats were given oral dose of vitamin E (2 or 10 mg/kg, Sigma Chemicals, St. Louis,
15
MO) or 0.1 ml vehicle (soybean oil) daily beginning immediately after the injury (maintenance) or 16 8-10 weeks post-injury (restoration) for 8 weeks. Timings for vitamin E feeding were selected 17 because spermatogenesis is rapidly regressing within a week after cord injury, and significant 18 recovery has occurred 8-10 weeks post injury (Huang et al., 1995; 1998) . At the end of 19 treatment period, the rats were killed by decapitation. The epididymes were excised 20 immediately, and spermatozoa were recovered from the caput and caudal epididymedis as 
24
Statistics
All data were analyzed with Analyses of Variance using vitamin E dose as the 1 independent variable. When the treatment effects were significant (p<0.05), the Dunn's tests 2 were used to determine statistical significance among treatment groups.
3
Results
4
Motility
5
In both the maintenance and restoration experiments sperm motility in sham control rats was not affected by vitamin E (p>0.1), and sperm motility in untreated SCC and SCX rats was 7 significantly lower compared to that in untreated sham control rats (p<0.01, Figure 1A ). While 8 sperm motility in SCC and SCX rats in the maintenance experiment was not affected by vitamin 9 E feeding, that in SCX rats received high dose vitamin E in the restoration experiment was 10 significantly higher than that of untreated SCX rats (p<0.05).
11
Viability and mitochondrial potential were not seen in SCC and SCX rats.
24
Sperm protein phosphorylation 
21
show that sperm heads from chronic SCC and SCX rats were de-condensed to greater extents 22 when compared to sperm heads from sham control rat ( Figure 5 ); such effects were less 23 pronounced in those rats that received vitamin E feeding (10 mg/kg).
24
Effects of vitamin E on male accessory glands At the end of the maintenance experiment, ventral prostate (VP), dorsal prostate (DP) and 1 seminal vesicle (SV) weights were slightly lower in SCC and SCX rats than that of sham control 2 rats; only that of the VP was significant (p<0.05, Figure 6 ). Vitamin E feeding during the 3 maintenance phase did not affect the weights of these organs (p>0.1). At the end of the 4 restoration experiment, weights of the VP, DP and SV of SCC and SCX rats were all significantly 5 lower than that of sham control rats (p<0.01, Figure 6 ). Vitamin E feeding during the chronic 6 phase of the injury significantly increased the weight of the VP, DP and SV in SCX rats (p<0.05, 7 0.01), but only increased SV weight in SCC rat (p<0.05).
8
Discussion
9
In SCC and SCX rats the lowered sperm motility concurs with decreases in sperm 10 viability and mitochondrial potential (Wang et al., 2005) , suggesting a causal relationship 11 between these changes. Such a relationship is, however, only observed in SCX rats that fed 
3
We first examined the BSA -induced sperm protein phosphorylation. An overall decrease in the 4 BSA-induced protein phosphorylation in spermatozoa from SCC and SCX rats suggests that 5 these spermatozoa might not be able to initiate capacitation cascade normally. Additional 6 experiments using capacitation-specific end points such as acrosome reaction and hyperactive 7 motility would be required to confirm our postulate. 
12
Partial restoration of prostate and SV weights in SCC and SCX rats by vitamin E in the 13 restoration experiment implies a role of the ROS-related mechanisms in the effect of cord injury 14 on these glands. These effects probably are unrelated to infection of these organs due to daily 15 manipulation of the bladder since similar effects were not seen in the maintenance experiment. accessory glands are likely to be independent of AR/androgen signaling.
22
In conclusion, current results demonstrate beneficial effects of vitamin E feeding on
23
various sperm functions and properties, as well as male accessory glands, in SCC and SCX rats.
24
Further understanding the underlying mechanisms responsible these effects will provide scientific 25 rationale for the use of vitamin E or other antioxidants to preserve semen quality and sperm functions in SCI men. A success in this endeavor will provide an easy and cost effective 1 therapeutic option to improve sperm functions, and ultimately fertility, in men with SCI. 
